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A MILLATRY TRAINING SYSTEM PERSPECTIVE 
AND MODEL FOR TRAINING PROGRAM MANAGEMENT 
Alvin J. Boudreaux II 
ABSTRACT 
A perspective of the Naval Education and Training System (NETS) 
is developed and utilized as a framework on which a simulation model 
of general training system activities is constructed. The simulation 
model, which is based on functional activities, emphasizes the inter-
dependent consequences of decisions and actions created through 
management planning, analysis, and control of training programs. 
A simulation experiment was conducted using a test situation 
description (scenario) to reflect the impact of management decisions 
and actions on the resulting allocation of resources and timeliness of 
training program activities. 
Conclusions are drawn regarding the utility and implications of 
the system dynamics model as a management tool with which to improve 
training. 
Recommendations are made regarding future experimentation and 
analysis which is required for sufficient development of a useful 
management tool. 
Approved by:~cI~lj~ 
Research Report Director 
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CHAPTER I 
INTRODUCTION 
This study develops a perspective of the Naval Education and 
Training System (NETS) based on functional activities . With this 
perspective . the aim is to create an evolvable model of the resource 
networks within a training program ~ a model which consists of modules 
and their relationships. The study is based on the hypothesis that 
training program functional activities can be enhanced by using a 
system dynamics model which provides management with a view of the 
impact of changes, policies, decisions and actions concerning a 
training program. 
Objective of System Under Study 
The Naval Education and Training System (NETS) is a set of 
relatively independent training subsystems defined by training 
objectives , rather t han a monolithic, unified system which is typical 
of the military structure . The NETS encompasses essentially all 
activities involving the planning , implementation, support, control , 
and evaluation of Navy training. The system is governed by certain 
basic conditions: 
1 . Types of individuals receiving education 
or training 
2. Location of training 
3. Subject matter 
4. Instructional methodology 
5 . Training application and evaluation 
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The NETS operates in an environment where all five factors above may 
be of prime importance depending on the part of the system being 
investigated. The functions within the NETS are represented in 
Figure 1. In this conceptual model of the NETS, the flow of personnel 
and information establishes the definitional boundaries and the 
relationships. 
The NETS exists to provide the Navy with continual training of 
personnel to maintain a state of military readiness . The system 
consists of a technical and a resource subsystem. The technical 
subsystem transfers requirements from the development stage to the 
implementation stage and through to the evaluation stage. The resource 
subsystem tracks the operations to fulfill these requirements through 
each stage. These two basic subsystems operate together for the 
purpose of regulating the flow of students through the education and 
training system . 
Brief Statement of Situation 
Rather than analyze the NETS to define the problems existing 
within the system, a futuristic view is employed. International Business 
Machines Corporation (IBM) under contract to the Naval Training 
Equipment Center (NTEe) , has described idealized approaches (Design, 
1973) for the improvement of the NETS expected in the 1980 time frame . 
These idealized concepts to improve functions of the NETS were utilized 
as necessary evidence and baseline to develop a training management 
tool for increased conceptual effectiveness. 
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A summary of the IBM outlook for the NETS and future developments 
to improve the NETS 1s provided below to promote an understanding of 
the exlsting situation: 
1. The Chief of Naval Education and Training (CNET) 
Functional Commands will consider the support of 
simulation models in terms of total resources 
needed to implement the models. 
2 . A significant strategic thrust is directed towards 
providing NETS management with an expanding 
decision-making capability for rapid and effective 
response to factors which influence the conduct 
of training. 
3. Some form of training will be provided to training 
managers to acquaint them with decision-making 
models, their use and utility . 
4 . Simulation models are planned which could provide the 
initial integration of planning functions associated 
with personnel, manpower, and training . 
5. A confluence of factors will result in a significant 
reduction in resources available to accomplisb the 
NETS training mission . The degree and scope of 
resource restriction will become increasingly 
severe through the mid-1980 ' s and will result in 
major changes to the NETS resource control approach 
and structure. 
5 
6. There will be an improved capability to optimize 
resource distribution through appropriate trade-
off's between personnel, equipment deSign, and 
training factors. 
7. Computer technology will be applied to the 
inventory maintenance of individual capabilities 
and training, and to the subsequent use of these 
data in meeting mission, training, and career needs . 
8. IBM's observations indicate that the NETS is 
currently subject to extensive changes both 
internal and external. These changes will 
require innovation and flexibility on the part of 
managers and planners with the NETS. Successful 
innovation will require some means for assessing the 
probable consequences of change prior to imple-
mentation. Such assessment can be the judgment of a 
manager or planner based on accurate data concerning 
the system as it exists. formal extrapolations 
employing statistical or deterministic techniques or 
both. 
9. A shift to earlier involvement by the NETS in 
developing training concepts for new or modified 
systems equipment is foreseen to assure the 
development of realistic training plans in a much 
more effective Eanner than the current approach . 
6 
This would invol ve pre-analysis yielding the 
, 
broad r equirements of what the training is for~ 
the kinds of equipment or systems involved, the 
expected length of training, number of personnel 
involved , general training objectives and all 
other pertinent information to give a complete 
definition of training requirements . The planning 
process for training requires an update in methods 
to improve the effectiveness of training plans . 
Objectives of this Study 
"A management device or technique, regardless of the 
degree of sophistication, is only a tool and can never 
be substituted for effective managers. The tool or 
technique must be an integral part of the entire 
management process . Logically, therefore in any 
presentation of a management technique . . .. a sound 
concept of the management process must first be 
established". (PERT, 1963 , p . l) 
This management process cycle is illustrated in Figure 2. To 
support management, a tool 'should assist managers in performing activities 
in each stage of the cycle. The tool should therefore assist in 
performance of a variety of functional activities and should provide 
appropriate information to comply with the requirements of management 
at any given time . 
IBM has envisioned an emphasis in research and development of 
computer models that have general utility as management tools . The 
models are expected to be useful for gaining an understanding of the 
functional elements and interrelationships of the complex NETS and 
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8 
for assisting in making selective improvements to that system. 
The purpose of this study is to provide the NETS management with 
a viable computer model approach which is potentially invaluable to 
training program managers. The objective is to establish a NETS 
perspective using as a basis the operational activities within the 
system and to utilize this perspective in developing a simulation model 
which is oriented to training programs. The system dynamics simulation 
model, designated Model for Training Program Management (MTPM), is 
applied to a possible training situation and the utility of the model 
is demonstrated in terms of its evaluative provisions and capability 
to simulate the effects and outcomes of training manager decisions, 
policies, and plans. 
• 
, 
Perspective of the NETS 
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CHAPTER II 
APPROACH 
The approach of this research study is to first develop a system 
perspective and then utilize this yiew to formulate a simulation model. 
The NETS perspective development has as its basis the philosophy and 
framework established by Sherman Blumenthal (Blumenthal, 1969) in his 
creation of a framework for planning and development of management 
information systems. Blumenthal prefers a "bottom up" approach to 
management information system development . His formulation of a frame-
work for system development is a synthesis of prominent perceptions by 
Jay Forrester, Robert Anthony, and Herbert Simon . 
This "bottom up" approach amounts to viewing a system as three 
levels of management activity and providing information needs from the 
most functional level . These levels are strategic planning, management 
control, and operational control. The operational level activities 
describe the actions occurring to achieve the operational functions . 
This concept considers that the information required in the management 
control level can be acquired from the processes of the operational 
control level. The framework built by Blumenthal is flexible and 
adaptable to each particular situation and is used in concert with 
development of the NETS perspective . Armed with this perspective the 
10 
aim is to create an evolvable model of training programs within the 
NETS, a model which consists of operational activity networks and 
their relationships. 
The method being established is one of utilizing the "bottom up" 
concept and documented descriptors of management level functional 
activities to develop the system perspective sought. As indicated 
earlier, IBM (Design, 1973) has provided the Navy with a taxonomy of 
NETS functional activities. These activities are implemented by the 
training system as part of the management process cycle to accomplish 
the objective of military readiness. An analysis of activities 1n terms 
of the NETS characteristics at an operational level discloses that 
there exists a large commonality of information requirements. These 
requirements can be sustained through adequate visualization of 
operational events occurring within the system and through the 
recognization of the influential effects from interrelationships among 
activities. 
Activities can be categorized into modules which relate the 
function of activities. The modules so defined are 1) operational 
situation module, 2) training hardware module, 3) training software 
module, 4) training operations module, 5) manpower module, 6) financial 
module and 7) information module. Identified within each module are 
networks which consist of a grouping of actions and which describe 
operational entities observed, analyzed, processed or otherwise acted 
upon. At this basic level of activity the individual inputs, outputs, 
and transfer functions, which create the dynamic nature of the NETS, 
11 
can be described and observed. 
From the analysis of functional activities, certain groups of 
activities (networks) were observed to be necessary for the 
functioning of the NETS. These networks are listed below according 
to the module in which they appear : 
Operational Situation Module 
1. Operational Equipment Network 
Training Hardware Module 
1. Training Equipment Network 
2. Operational Equipment for Training Network 
Training Software Module 
1. Training Material Network 
Training Operations Module 
1 . Training Course Network 
2. Adjunct On-the-Job-Training (OJT) 
Manpower Module 
1 . Personnel Network 
Financial Module 
1. Operation and Malntenance Networks 
2 . Capital Expenditure Networks 
3 . Personnel Cost Networks 
4. Training Associated Costs Network 
Information Module 
1 . Information Network 
12 
Use of this modular concept allows networks to be expanded or combined 
as appropriate to the situation being studied . 
The operational situation module (Figure 3) contains the 
operational equipment network . This network is descriptive of the life 
cycle of operational equipment . It represents all possible actions 
affecting operational equipment and occurring from the initial order 
of equipment to its final attrition. Inputs to the network are der ived 
. 
through consideration of threat, national policy, and the capabilities 
of existing inventory. Information created within the network i s 
available for analysis by the training system manager and as auxiliary 
information to other networks. 
The training hardware module (Figure 4) consists of two 
networks: 1) operational equipment for training network and 2) 
training equipment network. Operational equipment for training represents 
any units of operational equipment which are applied to training rather 
than tactical situations. Training equipment is any combination of 
devices~ simulators, and large scale equipment which is deemed necessary 
to provide an effective instructional capability . Both networks can 
commence with the requisition of equipment and terminate upon the final 
attrition of all equipment . As with all other networks, these two 
require initializing requirements and generate state information for 
use at any time. 
The training software module (Figure 5) is defined by the 
training material network. Training material is any technical data, 
training aids or instructional material such as textbooks , workbooks, 
• 
, 
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handouts, supplies, etc ., required to accomplish course objectives . 
Variable state information is generated beginning with the initial 
ordering of training material units and ending with the attrition or 
useful life of the material . 
The training operations module (Figure 6) consists of the 
training course network and the adjunct OJT network. The training 
course represents the amount and duration of instruction required to 
meet some specified level of student proficiency. The adjunct OJT 
network is an optional feature succeeding the course work to provide 
any additional training required to meet criteria . 
The manpower module (Figure 7) can be described through the 
personnel network . The personnel considered include only the students 
entering a training program. Students are assigned to courses in 
accordance with established requirements or commitments. The level of 
trained personnel available to meet the military readiness objective 
is closely maintained through inventory control . Personnel leave the 
network due to tour of duty completion, change in occupational classi-
fication, increase in responsibility or numerous other disruptive actions . 
The financial module (Figur es 8 and 9) decomposes into: 1) 
operation and maintenance networks, 2) capital expenditure networks, 
3) personnel cost networks, and 4) training associated costs network . 
These networks represent the flow of money due to an incurred cost . 
Information associated with incurred costs is organized to support a 
manageable evaluation of expenditures. 
The information module (Figure 10) is an assemhlance of information 
• 
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available within networks and represents the interfaces among modules. 
, 
It is the linkage that causes the networks of other modules to act on 
one ana ther . 
Formulation of the Mathematical Model 
System dynamics, developed by J. W. Forrester, (Forrester, 1972) 
is a method of systems analysis for management and is utilized to 
understand how the organization of a system affects system . performance . 
In his description of system dynamics, John Burtle (Burtle, 1974, p . 7) 
states: 
"Alternate management policies are tested by 
simulation . The simulation is not an effort 
to predict specific events with accuracy, but 
rather aims to demonstrate the characteristic 
behavior of the system and to indicate how that 
characteristic behavior will be changed under 
varying management policies". 
Thus, the system dynamics approach to mathematically modeling networks 
within the NETS constitutes a viable approach to achieving this study's 
objectives. 
Appendix 1 is a listing of the MIPM computer program written 
from the mathematical model. Division of the program into modules and 
networks provides uncomplicated reference and modification. The 
mathematical model is simply an adaptation of the networks to the 
mathematical rigor of dynamic modeling. It describes mathematically 
the decisions, policies, information sources and interactions of the 
system components. Symbology applied to the mathematical model is 
documented and described in Appendix 2. 
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A system flow diagram is presented in Figures 11 and 12 and 
maintains the symbology expressed in the computer program listing. 
Proper perusal of the system flow diagram is required for full 
appreciation of the types of activities and events occurring within 
the operational level of the NETS. Inputs, constants and initializing 
values provide the adaptability required of this model. As will be 
demonstrated later, training management can plan a particular training 
program by specifying the known events and activities associated with 
their situation and then simulating the behavior of the system through 
the MTPM. 
Assumptions pertaining to various elements of the NETS were 
generated during construction of a mathematical model . The following 
describes the manner in which certain elements were handled: 
1. Reliability and maintainability factors affect 
the availability of equipment . This in turn 
extends the duration of a course. Therefore, 
the factors were reflected in terms of the 
effective course length rather than separate 
mean time to failure or repair values . 
2. Material and equipment funds are expended simul -
taneously with the placement of an order . 
Personnel cost per individual and associated 
training cost per course occur at the time of 
initial expenditure . This reflects the fact 
that the funds. are virtually coIIDDitted for the 
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duration of the training. Operation and 
maintenance costs are handled in the same 
manner. The costs are projected to occur 
during a training course and therefore they 
are expended at the start of this course . 
This discrete manner of allocating costs 
eases the quantification of cost data collected 
in the field. 
3 . Delays are used to represent the amount of time 
required or expected to train personnel, teach 
courses, receive orders, and maintain current 
levels of resources. Each delay must closely 
represent the type of distribution over time 
which occurs in the real world situation . For 
example if a lockstep type of course will last 
2 weeks, then personnel attending the course 
should be delayed from other activities for 2 
weeks. If a programmed instruction type of 
course w1ll be conducted then the rates and times 
at which personnel complete . the course may be 
represented by a normal distribution with a 2 
weeks mean time. A pipeline delay of exactly 
2 weeks would not suffice for both cases . 
4 . The networks depicted earlier are a classification 
or grouping of several subcategories into a single 
, 
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unit. Training material for instance 
could be divided into instructional material, 
teaching aids, teaching supplies, etc. If 
such divisions or even additions are required, 
the model is adaptable and can easily be 
modified to accept new networks within a module . 
5. An extension of the above capability involves 
the representation of instruction or training. 
The item called "course" could very well symbolize 
a grouped set of instructional units, a single 
instructional uni~, operational training, or OJT . 
The model is flexible and adaptable to the 
particular situation at hand. 
6. The model is not all encompassing. Suppose that a 
certain training program will consider the training 
path of an individual from the time of recruitment 
through several tours of duty. In order to accomplish 
an examination of all the events occurring in time, 
several simulation runs would be used to divide the 
program into phases. Each phase could be analyzed 
to determine the current status and the decisions 
which will interface with the next phase in the 
sequence. 
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Simulation of System Behavior 
The goal of the simulation may not be apparent to the reader. 
A structure of decision making (Figure 13) illustrates the role of 
simulation in providing a sounding board for alternate decision 
evaluation. Interaction of networks occurs under selected conditions. 
Generation of the system behavior through time as described by the 
MTPM is accomplished with a digital computer. A possible new training 
program is established to energize and test the simulation capability. 
Scenarios or situation descriptions provide the verbal account of 
decisions, policies and actions which training management has deemed 
necessary to occur during the training program. 
The following scenario is used to test the model and illustrates 
constraints, information, and planning which could occur in developing 
a new training program: 
Operational Situation (OS) 
1. Objective--train students to operate sensor 
system X. 
2. Operational equipment are ordered according 
to the following schedule: 
50 units at time=O 
50 units at time=l year 
3. One operator is required per operational 
equipment. 
4. Operators are required for tactical situations 
as soon as operational equipment becomes available. 
5. A delivery delay of 25 weeks is incurred on 
each order. 
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Training Material (TM) 
1. Fifteen (15) units of training material is 
ordered at time = 20 weeks. 
2 . A delivery delay of 10 weeks is incurred . 
3 . Four (4) units are required per course . 
4 . The units are available throughout the simulation. 
Training Equipment (TE) 
1. At time: 0, two (2) units are ordered . • 
2. Units require 45 weeks for delivery . 
3. No attrition of equipment is allowed. 
4. One (1) unit is required per course and 
each unit has a student capacity of two (2). 
Instruction 
1. Course duration is 10 weeks . 
2. Seven (7) weeks of training involves training 
equipment . 
3. Two (2) weeks of training involves operational 
equipment for training. 
4. An additional three (3) weeks of OJT is required. 
The operational situation part of the scenario is equivalent to 
the impending requirements which are to be satisfied. The other sections 
represent decisions and actions on the part of management to fulfill 
the pre-analysis planning function . If this training program was 
progressively advanced, the elements of the scenario would be less 
conceptual and more definitive. At this point in the training plan 
development, management is interested in the totality of factors 
establishing a training concept. Such factors conceivably of value are 
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presented: 
, 
1. Budget 
2. Schedules 
3. Manpower 
4. Training Criteria/Operational Requirements 
5. Facilities 
6. Training Equipment/Operational Equipment 
7. Teaching/Training Technology 
8. Training Material 
9. Resources Availability 
10. Delays 
11. Feasibility 
12 . Safety 
13 . Efficiency/Trainability 
14. Generalization 
15 . Flexibility/Adaptability 
16. Reliability/Maintainability 
17 . Training Strategies/Course Content/Training Media 
18 . Training Environment 
19. Training Philosophy/Policy/and Constraints 
20 . Feedback/and Evaluation 
21. Attrition Rates 
22. Utilization 
For initial management planning a substantial portion of the 
factors can be grouped into: 
Financial 
Schedules/~lestones 
Manpower 
Constraints/Resources 
Operational Situation 
Training Criteria 
Instructional Strategy and Capability 
These areas of concern are reflected and represented through the computer 
program modules. Alternate decisions associated with the above factors 
can be contrived and the respective system behavior or response to the 
decisions is manifest by simulation. 
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The scenario cited was used to test the representativeness of 
the simulation model and to discern the extent of model utility for 
training management. The inputs, delays, constants, and special timing 
and value selection functions within the computer program relate to the 
particular scenario utilized . A planning horizon of 10 years or 520 
weeks was established. Time was incremented in terms of weeks . No 
time less than a one week increment was planned or allowed for levels 
or rates. 
• 
, 
Interpretation of Data 
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CHAPTER III 
RESULTS 
Appendix 3 provides a time oriented tabulation of various states 
of entities functioning within the model. Data representing 10 years of 
activity was accumulated at one week intervals. A voluminous variety of 
tradeoffs could be generated based on the alternative decisions available. 
Only definitive, firm constraints in terms of practices, policies and 
requirements limit the solution space to a finite number of alternatives . 
Developing an initial training program position was easily 
achieved through the scenario. Developing a single test which will not 
only demonstrate the flexibility and utility of a model but which will 
confine the feasible solution region to an evaluative size is difficult 
if not entirely impossible . In this research report, a comprehensive 
evaluation of the model is not an established goal. This effort is 
demonstrative in nature and therefore analyzes a sampling of model 
capability. 
Examination of the data poses a wide range of questions and thus 
possible alternatives to which the manager may apply his intuitive or 
judgemental qualities. The manager thus limits the number of possible 
solutions and selects the solution which he deems appropriate under the 
particular situation. Interpretation of the data lies within the 
duties of a training program manager and is spurred by objective 
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examination . Can the system behavior be considered acceptable? Will 
, 
improvements in the outcomes of entities he required? 
An analysis in terms of decision criteria is useful when 
considering the effectiveness exhibited by a proposed training plan 
and the consequences or impact of change. Five areas to consider are 
illustrated below : 
1. Manpower-- Is the number of trained personnel 
sufficient to meet requirements? If not, can 
they be met and at what cost to your resources? 
2. Cost- -Can the training program be accomplished 
within the restrictive budget? Is the cost 
deemed expensive and alternate solutions desired? 
What is the impact of not receiving adequate funds 
to procure all equipment or other resources 
required? 
3 . Scheduling/Time--Will scheduling of activities be 
critical to the success of the training program? 
Will timing of events need to be monitored 
closely and/or changed to improve the system 
response? What influence will delays have on the 
other decision cri teria? 
4 . Resources-- Would a different scheme of achieving 
the required instructional capability specify the 
use of alternate equipment? Would procurement of 
additional resources enhance our training position? 
5 . Effectiveness--Wl11 the trained personnel meet 
the required level of proficiency? Are different 
levels of proficiency available through alternate 
methods? Will an adequate level of transfer of 
training take place? 
The effectiveness criteria is not utilized directly within the model 
but is an area for f uture expansion. 
A decision criteria analysis in its crudest form commences with 
an examination of the simulation data presented in Appendix 3 . 
Figure 14 is a time oriented plot of personnel required (PERREQ) and 
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trained personnel available (TPERAV) derived from the data in 
Appendix 3. This plot indicates that there is a considerable time lag 
prior to the TPERAV approximately sustaining the PERREQ. The time lag 
is assumed to be severe and thus alternate measures are established. 
Operational training will be provided as soon as the operational equip-
ment becomes available . This one time training will provide 40 trained 
personnel and require 30 weeks. In Figure 15 it is evident that this 
new scheme absorbs some of the time lag by providing trained personnel 
prior to the engagement of the training course mechanism . One must 
surely wonder about the proficiency of operationally trained students 
versus classroom trained students. Tradeoffs, of course, must be 
considered in this area as well. 
For the moment let us revert to the original scenario. Assume 
that new information is received. The operational equipment for tactical 
use will be delayed an additional 15 weeks and the second purchase is 
reduced in quantity to 20 units. Figure 16 indicates the shift in the 
accomplishment of our proposed training. The level of TPERAV closely 
approximates the PERREQ as early as 60 weeks before our original scheme 
would meet the objectives. Thus the new information makes the training 
plan at least palatable and possibly acceptable . Training objectives 
and resource availability need to be considered in light of the new 
training schedule. These factors will not be reflected in this report. 
One last example shall be used to illustrate the type of analysis 
which could proceed based on the alternative decisions which are 
created through previous simulation runs. Figure 17 is a plot of 
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accumulated costs for training (TASOC$), training equipment (TEAC$), 
, 
operational equipment for training (DEAC$) and personnel (ACPER$). This 
plot is based on the original scenario. Since the capital expenditures 
for training equipment and operational equipment are constant once 
incurred, the increase in accumulated costs for these items is due to 
operation and maintenance of the equipment. Notice that the largest 
accumulated cost stems from the initial capital expenditure for 
operational equipment for training. Suppose that this expenditure is 
considered extremely high. Steps should be taken to reduce the 
expenditures without deviating from the training objectives. Thus a 
new instructional strategy must be developed. 
After evaluating the possible alternatives, the decision is made 
to extend the course length to 15 weeks and to increase the use of 
training equipment to 12 weeks. This reduces the requirement for 
operational equipment . Now, only two (2) operational equipment are 
purchased and each is used two (2) weeks per course. Figure 18 
illustrates the changes in costs due to the new strategy. Training 
equipment operation and maintenance costs, training associated costs 
and accumulated personnel costs increased due to the increased 
utilization of training equipment and the extension of the course duration. 
There is, however, a sizable reduction in operational equipment 
expenditures. Thus this new strategy is likely to obtain management 
approval of the budgetary elements. 
The use of the model reduces to simulating a training program 
under selected conditions and analyzing the original decisions in terms 
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of decision criteria. The criteria is used to postulate possible 
alternates to decisions . The outcomes of these alternates are examined 
through other simulation runs. Thus the model allows an examination 
of interrelationships among entities and an analysis of the impact or 
consequences due to changes . 
, 
CHAPTER IV 
CONCLUSIONS 
Utility of the Simulation Model 
The model can provide a time oriented profile of training program 
states in terms of numbers of trained personnel and resources, 
availability of resources, expenditures , courses taught etc. This 
profile 1s valuable when analyzing a training program for significant 
relationships which may not be evident . The model can be used to 
identify areas having consequential effects on the end product . This 
can be achieved by observing the response to selected conditions or 
change and the impact of change . Thus the model allows a manager to 
perform a sensitivity analysis which can be useful in conceiving 
alternate plans, inventing improvements , and defending his decisions . 
Implications to ~agement 
Our little gold mine called MTPM is not to be attained without 
exacting some price . With the Dynamo II Lansuage (Pugh, 1973), the 
user usually will not obtain integer values for the state of an entity. 
In cases where a fraction or a portion of a person is moved from one 
state to another, a bit of interpretation and possibly extrapolation 
must be applied to the data analysis . 
G. Vincent Amico (Amico, 1973, p. 49) in his study of system 
dynamics applied to war gaming states : 
• 
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"The system dynamics technique which was used 
in the simplified destroyer- versus-submarine 
model demonstrated that the word description 
and the flow diagram could be developed in the 
language of the user without becoming deeply 
involved in the mathematics of the systems. 
This initial phase of the process also has the 
advantage of forcing an orderly consideration 
of those elements of combat that are either 
forgotten, ignored, or simplified when developing 
a model" . 
Thus the system dynamics approach can provide management with a tool 
which is diagramatic, understandable, effective, and very adaptable . 
Presently, management is either unable to determine appropriate 
alternatives available to them or else unable to explore the 
implications of certain avenues because of the intricate, interrelated 
consequences of system activity. The system dynamics approach and the 
model for training program management can provide an improved 
capability to optimize training program decisions through appropriate 
tradeoffs among personnel, equipment, training factors, etc. 
Recommendations for Future Research 
Future research should develop among two avenues of study . The 
first should be a coordinated effort between the researcher and training 
program management. The capabilities of the model should be discussed 
and validated in terms of the real world functions being performed by 
the managers . Areas to be expanded or deleted should be explored and 
identified (Amico, 1974). The argument here is that a good product 
does not succeed on its own merits. Through good coordination and data 
collection the utilization of the model will be enhanced. 
• 
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The second area of study should lead to an expanded capability of 
the model. An examination of the stochastic aspects of the NETS could 
enhance the training program effectiveness decision criteria. Research 
could proceed along the lines of transfer of training (Micheli, 1972), 
training effectiveness (Engineering, 1971), training media selection 
(Braby, 1972) and dollars versus fidelity of training equipment 
(Smode, 1971). 
• 
, 
• 
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APPENDIX 1 
COMPUTER PROGRAM LISTING 
NOTE 
NOTE 
NOTE 
NOTE 
NOTE 
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MODEL FOR TRAINING PROGRAM MANAGEMENT 
---------------------------------------------------
OPERATIONAL SITUATION MODULE , 
OPERATIONAL EQUIPMENT NETWORK 
NOTE _ 
NOTE GENERAL EQUATIONS 
R OEOR.KL=INPUTIA.K+INPUTIB.K 
L OEOO.K=OEOO.J+DT~(OEOR.JK-OEDVR.JK) 
R OEDVR.KL=DELAY3(H8.JK.3) 
L OErWV.K=OEINV.J+DT~(OEDVR.JK-OEATR.JK) 
R OEATR.KL=DELAY3(OEDVR.JK.OELIFE) 
NOTE INPUTS. CONSTANTS & SPECIAL DELAYS 
N OEOO=O. 
N OEINV=O. 
A INPUTIA.K=PULSE(SO.O.lOOO) 
A IWPUTIB.K=PULSE(SO.S2.1000) 
R HI.KL=DELAYl(OEOR.JK.l) 
R H2.KL=DELAY3(HI.JK.3) 
R H3.KL=DELAY3(H2.JK.3) 
R H4.KL=DELAY3(H3.JK.3) 
R HS.KL=DELAY3(H4.JK.3) 
R H6.KL=OELAY3(HS.JK.3) 
R H7.KL=DELAY3(H6.JK.3) 
R H8.KL=DELAY3(H7.JK.3) 
C OELIFE=624 
NOTE ---------------------------------------------------
NOTE TRAINING HARDWARE MODULE 
NOTE 
NOTE 
NOTE 
TRAINING EQUIPMENT NETWORK 
NOTE GENERAL EQUATIONS 
R TEOR.KL=INPUT2.K 
L TEOO.K=TEOO.JK+DT~(TEOR.JK-TEDVR.JK) 
R TEDVR.KL=DELAY3(JI4.JK.3) 
L TEIWV.K=TEINV.J+DT*(TEDVR.JK) 
R TEATR.KL=O. 
NOTE INPUTS, CONSTANTS & SPECIAL DELAYS 
N TEOO=O. 
N TEINV=O. 
A IWPUT2.K=PULSE(2.0.1000) 
R JI.KL=DELAY3(TEOR.JK.3) 
R J2.KL=DELAY3(JI.JK.3) 
R J3.KL=DELAY3(J2.JK.3) 
R J4.KL=DELAY3(J3.JK.3) 
R JS.KL=DELAY3(J4.JK.3) 
R J6.KL=DELAY3(JS.JK.3) 
R J7.KL=DELAY3(J6.JK.3) 
R J8.KL=DELAY3(J7.JK,3) 
R J9.KL=DELAY3(JB.JK.3) 
R JlO.KL=DELAY3(J9.JK.3) 
R JI1.KL=DELAY3(J10.JK.3) 
R JI2.KL=DELAY3(JI1.JK.3) 
Q J13.KL=DELAY3(J12.JK.3) 
R JI4.KL=DELAY3(J13.JK.3) 
NOTE 
NOTE 
NOTE 
OPERATIONAL EQUIPMENT FOR TRAINING NETWORK 
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NOTE GENERAL EQUATIONS 
R OETOR.KL=INPUT3.K -
L OETOO.K=OETOO.J+DT*(OETOR.JK-OETATR.JKl 
R OETDVR.KL=KB.JK L OETINV.K=OETINV.J+DT*(OETDVR.JK-OETATR.JKl 
R OETATR.KL=DELAY3(OETDVR.JK,OETLIFEI . 
NOTE INPUTS, CONSTANTS & SPECIAL DELAYS 
N OE100=0. 
N OETINV=O. 6 INPUT3.K=PULSE(4,O,10001 
R Kl.KL=DELAY3(OETOR.JK,31 
R K2.KL=nELAY3(Kl.JK,31 
R K3.KL=DELAY3(K2.JK.31 
R K4.KL=DELAY3(K3.JK,31 
R KS.KL=DELAY3(K4.JK,31 
R K6.KL=DEL6Y3(KS.JK,31 
R K7.KL=DELAY3(K6.JK,31 ' 
R KB.KL=DELAY3(K7.JK,31 
C OETLIFE=SOO. NOTE ---------------------------------------,-----------
NOTE TRAINING SOFTWARE MODULE 
NOTE NOTE TRAINING MATERIAL NETWORK 
NOTE -NOTE GENERAL EQUATIONS 
R TMOR.KL=INPUT4.K L TMOO.K=TMOO.J+DT*(TMOR.JK-TMATR.JKl 
R TMDVR.KL=DELAY3(I3.JK,31 L TMINV.K=TMINV.J+DT*(TMDVR.JK-TMATR.JKl 
R TMATR.KL=O. . -
NOTE INPUTS, CONSTANTS & SPECIAL DELAYS 
N TMOO=O. 
N TMINV=O. - -_. 
A INPUT4.K=PULSE(lS.20,lOOOl 
R Il.KL=DELAYl (TMOR.JK.ll 
R I2.KL=DELAY3(Il.JK,31 
R I3.KL=DELAY3(I7..JK,31 
NOTE ---------------------------------------------------
NOTE MANPOWER MODULE 
NOTE NOTE PERSONNEL NETWORK 
NOTE _ 
NOTE GENERAL EQUATIONS 
R PEqSCHR.KL=PTBSCH.K L PERSCH.K=PERSCH.J+DT*(PERSCHR.JK-PERTRNR.JKl 
R PERTRNR.KL=DELAY3(E4.JK,31 
L TPERAV.K=TPERAV.J+DT*(PERTRNR.JK-PERATR.JKl 
R PERATR.KL=DELAY3(PERTRNR.JK.PERLIFEI 
NOTE INPUTS, CONSTANTS & SPECIAL DELAYS 
N PEqSCH=O. 
N TPERAV=O. 
Q El.KL=DELAYl(PERSCHR.JK,ll 
R E2.KL=DELAY3(El.JK,31 
R E3.KL=DELAY3(E2.JK,31 
R E4.KL=DELAY3(E3.JK,31 
C PERLIFE=20B. NOTE ---------------------------------------------------
NOTE TRAINING OPERATIONS MODULE 
49 
NOTE NOTE TRAINING COURSE NETWORK 
NOTE . 
NOTE GENERAL EQUATIONS 
R CRAVR.KL=CRCHAR.K 
L CRAV.K=CRAV.J+DTo(CRAVR.JK-CRSCHR.JKJ 
• CRAV2.K=CLIP(CRAV.K.O.CRAV.K.]J 
R CRSCHR.KL=CRTBSCH.K 
L CRSCH.K=CRSCH.J'DTO(CRSCHR.JK-CRCONR.JKJ 
R CRCONR.KL=DELAY3(F3.JK.3J 
NOTE I~PUTS. CONSTANTS & SPECIAL DELAYS 
N CRAV=O. 
N CIlSCH=O. . .-R F].KL=DELAY](CRSCHR.JK.IJ 
R F2.KL=DELAY3(FI.JK.3J 
R F3.KL=DELAY3(F2.JK.3J 
C CRDUR=IO. 
NOTE NOTE ADJUNCT OJT NETWORK 
NOTE . ' 
NOTE GE~ERAL EQUATIONS -L AOJTAV.K=AOJTAV.J+DTO(CRCONR.JK-AOJTR.JKJ 
R AOJTR.KL=DELAY! (G2.JK.l J 
NOTE IN~UTS. CONSTANTS & SPECIAL DELAYS 
N AOJT AV=O. - --R GJ.KL=DELAYI(CRCONR.JK.IJ 
R G2.~L=DELAYI(GI.JK.IJ 
C AOJTDUR=3. 
NOTE --------------------------------------------------. 
NOTE FINANCIAL MODULE 
NOTE NOTE OPERATION & MAINTENANCE NETWORKS 
NOTE . 
NOTE GENERAL EQUATIONS . . 
R TEO~M$R.KL=CRSCHR.JKoTEDUR*SOAMITEoTEJCR 
L TEOAM$.K=TEOAM$.J+DT*(TEO~M$R.JKJ 
R OEOAM$R.KL=CRSCHR.JKOOEDURO$OAMJOooOETlCR 
L OEO~M$.K=OEO~M$.J+DT*(OEO'M$R.JKJ 
NOTE INPUTS. CONSTANTS & SPECIAL DELAYS 
N TEOAM$=O. 
N OEOAM$=O. 
C TEDUR=7. 
C $OAM ITE=200. 
C OEOUR=2. 
C $O~M10E=500. 
NOTE -NOTE CAPITAL EXPENDITURE NETWORK 
NOTE . 
NOTE GENERAL EQUATIONS 
R TE~R.KL=TEOR.JK*TE$ 
L TE$EXP.K=TE$EXP.J+DT*(TE$R.JKJ 
R OESR.KL=OETOR.JK*OE$ -
L OE$EXP.K=OE$EXP.J+DTO(OESR.JKJ 
R TM$R.KL=TMOR.JK*TM$ 
L TM$EXP.K=T~$EXP.J+DT*(TM$R.JKJ 
NOTE INPUTS. CONSTANTS & SPECIAL DELAYS 
N TESEXP=O. 
N OE$EXP=O. 
:;0 
N TM$EXP=O. 
C TEI>=I 00000. 
C OE$=200000. 
C TM$=7S00. 
NOTE 
NOTE PERSONNEL COST NETWORKS 
NOTE 
NOTE GENERAL EOUATIONS 
R CReER$R.KL=PERSCHR.JK*CRPER$*CRDUR 
L CRACP~.K=CRACP$.J+DT*(CRPER$R.JK) 
R AOJTP$R.KL=AOJTP$*AOJTDUR*PERSCHR.JK 
L AOJTAP$.K=AOJTAP$.J+DT*(AOJTP$R.JK) 
NOTE I~PUTS, CONSTANTS & SPECIAL DELAYS 
N CRACP$=O. 
N AOJTAP$=O. 
C CRP~R$=IOO. 
C AOJTP$=IOO. 
NOTE 
NOTE TRAINING ASSOCIATED COSTS NETWORK 
NOTE . 
NOTE GENERAL EOUATIONS 
R TINC$R.KL;TINC$*CRSCHR.JK*TDUR . 
L TASOC$.K=TASOC$.J+DT*CTINC$R.JK) 
NOTE INPUTS, CONSTANTS & SPECIAL DELAYS 
N T ASOC$=O. 
C TDUR=13. 
C TI NC$=20 O. 
NOTE --------------------------------------------------. NOTE INFORMATION MODULE 
NOTE NOTE OPERATIONAL PERSONNEL REOUIREMENTS 
NOTE 
NOTE GENERAL EOUATIONS 
• PERREOT.K=CLIP(O,C.K,B.K,PERREO.K) 
• PERREO.K=INPUTS.K 
• B.K=TPERAV.K·PERSCH.K 
A C.K=PERREO.K-B.K 
NOTE INPUTS, CONSTANTS & SPECIAL DELAYS 
A INPUTS.K=OEINV.K*OEPCAP 
C OEPCAP=l. 
NOTE NOTE ACCUMULATED COSTS 
NOTE . 
NOTE GENERAL EOUATIONS 
A TEAC$.K=TEOAM$.K.TE$EXP.K 
A OEAC$.K=OEOAM$.K·OE$EXP.K 
A ACPER$.K=CRACP$.K·AOJTAP$.K 
NOTE NOTE PERSONNEL & COURSE COORDINATION 
NOTE 
NOTE GENERAL EOUATIONS 
A PSOURCE.K=IOOO. 
A CRS.K=CMIN(PSOURCE.K.RERREOT.K»/CRPCAP 
• CRSREO.K=CLIPCCRS.K,O,CRS.K,I) 
A CRAVI.K=CLIPCCRAV?K,O.CRAV2.K,I) 
A CRTBSCH.K=CLIP(CR~REO.K.CRAVI.K,CRAVl.K,CRSREO.K) 
A PTBSCH.K=CRTBSCH.K*CRPCAP 
NOTE INPUTS, CONSTANTS & SPECIAL DELAYS 
51 
C CRPCAP=4. NOTE _ 
NOTE COURSE CHA~ACTERISTICS 
NOTE _ 
NOTE GENERAL EQUATIONS _ -
A NOCRSI.K=ITMINV.K-TMICR~ICRAV2.K+CRSCH.K»/TMICR 
A NOCRS2.K=ITEINV.K-TEICe~ICRAV2.K+CRSCH.K»/TEICR -
A NOCRS3.K=IOETINV.K-OETICR~ICRAV2.K+CRSCH.K»/OETICR 
A CRCHARJ.K=MININOCRSl.K.NOCRS2.K) 
A CRCHAR2.K=MINICRCHARl.K.NOCRS3.Kl 
A CRCHAR.K=CLIPICRCHAR2.K.O.CRCHAR2.K.Il 
NOTE INPUTS . CONSTANTS & SPECIAL DELAYS 
C TMICR=4. 
C TEICR=l. 
C OETJCR=2. . 
_ NOTE --------------------------------------------------, 
, 
52 
• 
APPENDIX 2 
LIST OF DEFINITIONS 
• 
, 
OEOR 
OEOO 
OEDVR 
OEINV 
OEATR 
OELIFE 
TEOR 
TEOO 
TEDVR 
TEINV 
TEATR 
OETOR 
OETOO 
OETDVR 
OETINV 
OETATR 
OETLIFE 
THOR 
THOO 
TMDVR 
TMINV 
TMATR 
PERSCHR 
PERSCH 
PERTRNR 
TPERAV 
PERATR 
PERLIFE 
CRAVR 
CRAV 
CRSCHR 
CRSCH 
CRCONR 
CRDUR 
AOJTAV 
AOJTR 
AOJTDUR 
53 
Operational Equipment Order Rate 
Operational Equipment On Order 
Operational Equipment Delivery Rate 
Operational Equipment Inventory 
Operational Equipment Attrition Rate 
Operational Equipment Life 
Training Equipment Order Rate 
Training Equipment On Order 
Training Equipment Delivery Rate 
Training Equipment Inventory 
Training Equipment Attrition Rate 
Opera tional Equipment for Training Order Rate 
Operational Equipment for Training 
Operational Equipment for Training 
Operational Equipment for Training 
Operational Equipment for Training 
Operational Equipment for Training 
Training Material Order Rate 
Training Material On Order 
Training Material Delivery Rate 
Training Material Inventory 
Training Material Attrition Rate 
Personnel Schedule Rate 
Personnel Scheduled 
Personnel Training Rate 
Trained Personnel Available 
Personnel Attrition Rate 
Personnel Life 
Course Available Rate 
Courses Available 
Course Schedule Rate 
Courses Scheduled 
Course Conduction Rate 
Course Duration 
Adjunct OJT Available 
Adjunct OJT Rate 
Adjunct OJT Duration 
On Order 
Delivery Ra te 
Inventory 
Attrition Rate 
Life 
TEOAM$R 
, 
TEOAM$ 
OEOAM$R 
OEOAM$ 
TEDUR 
OEDUR 
$OAMlTE 
$OAMlOE 
TE1CR 
OETlCR 
TE$R 
TE$EXP 
OE$R 
OE$EXP 
TM$R 
TM$EXP 
TE$ 
OE$ 
TII$ 
CRPER$R 
CRACP$ 
AOJTP$R 
AOJTAP$ 
TINC$R 
TASOC$ 
TOUR 
TINC$ 
PERREQT 
PERREQ 
OEPCAP 
TEAC$ 
OEAC$ 
ACPER$ 
54 
Training Equipment Operation and 
Maintenance Cost Rate 
Training Equipment Operation and Maintenance Cost 
Operational Equipment For Training Operation 
and Maintenance Cost Rate 
Operational Equipment for Training Operation and 
Maintenance Cost 
Training Equipment Duration (Utilization Per 
Course) 
Operational Equipment For Training Duration 
(Utilization Per Course) 
Cost Of O&M Per Training Equipment 
Cost of O&M Per Operational Equipment 
Training Equipment Per Course 
Operational Equipment For Training Per Course 
Training Equipment Cost Rate 
Training Equipment Capital Expenditure 
Operational Equipment For Training Cost Rate 
Operational Equipment For Training Capital 
Expendi.ture 
Training Material Cost Rate 
Training Material Capital Expenditure 
Training Equipment Cost 
Operational Equipment Cost 
Training Material Cost 
Course Personnel Cost Rate 
Course Accumulated Personnel Costs 
Adjunct OJT Personnel Cost Rate 
Adjunct OJT Accumulated Personnel Costs 
Training Incurred Cost Rate 
Training Associated Costs 
Training Duration (Total Of Course And OJT) 
Training Incurred Cost 
Personnel Requiring Training 
Personnel Required (Requirement) 
Operational Equipment Personnel Capacity 
Training Equipment Accumulated Costs 
Operational Equipment For Training Accumulated 
Costs 
Accumulated Personnel Costs 
CRSREQ 
CRTBSCH 
PTBSCH 
CRPCAP 
CRCRAR 
TMlCR 
55 
Courses Required (Amount) 
Courses To Ba Scheduled 
Personnel To Be Scheduled 
Course Personnel Capacity 
Course Characteristics 
Training Material Per Course 
• 
56 
APPENDIX 3 
TABULATED DATA AND PLOTS 
• 
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TIME OEINV TEINV OET INV Tt-'IIliV CR~CH AOJTAV P1RSCH TPERAV PERREQ .170. 97.850 2.0000 3.1739 15.000 1.8 43 .0000 .577 73.216 97.85& 171. 97.806 2.0000 3.1701 15.000 1.8943 .0000 7.577 73.061 97.80 172. 97.761 2.0000 3.7663 15.000 1.8943 .0000 7.577 72.904 97.761 173. 97.7 t6 2.0000 3.76~4 15.000 1.8943 .0000 7.577 72.745 97.716 174. 97.6 1 2.0000 3.75 5 15.000 1.8943 .0000 7.577 72.583 97.6 1 175. 97.625 2.0000 3.7546 15.000 1.8943 .0000 7.577 72.418 97.625 176. 97.578 2.0000 3.70;07 15.000 1.8943 .0000 7.577 72.251 97.5.78 P7. 97.531 2.0000 3.7467 15.000 1.8941 
degg 7.577 72·e81 97 • 531 178. 97.41l4 2.0000 3.7427 15.000 .0000 7.577 71. 09 97 .484 179. 97.431i 2.0000 3.7387 15.000 .0000 1.8943 7.577 71.735 97.436 
·180. 97.387 2.0000 3.7347 15.000 1.8714 1.8943 15.063 7a·557 97.387 181 • 97.338 2.0000 3.73g6 15.000 1.8714 .0000 7.485 7 .955 97.338 182. 97.288 2.0000 3.72 5 15.000 1.8714 .0000 7.485 78.772 97.288 ~ 83. 97.738 2.0000 3.7224 15.000 1.8714 .0000 7.485 78.581 97.238 184. 97.187 2.0000 3.7182 15.000 1.8714 .0000 7.485 78.400 97.187 ~85. 97.136 2.0000 3.7140 15.000 I .87 I 4 .0000 7.485 78.210 97.136 186. 97.084 2.0000 3.7098 \5.000 1.8714 .0000 7.485 78.0]7 97.084 187. 97'2 32 2.0000 3.7055 15.000 1.8714 .0000 7.485 77.822 97.032 L88. 96. 79 2.0000 3.7e 13 15.000 1.8714 .0000 7.485 77.624 96.979 L89. 96.926 2.0000 3.6 70 15.000 1.8714 
·g9 00 7.485 77 .424 96.926 190. 96.87a 2.0000 3.69§6 15.000 ·0000 I • 14 7.485 77.226 96.87§ 191 • 96.81 2.0000 3.68 3 15.000 .gooo 1.8714 7.485 77. g 1 96 81 a-192. 96.763 2.0000 3.6B39 15.000 I. 463 1.8714 14.871 76. gil 96:763 .... 193. 96.7g7 2.0000 3.6795 15.000 1.8463 .0000 7.385 84.g J 96.7f t94. 96.6 2 2.0000 3.6750 15.000 1.8463 .0000 7.385 83. 70 96.6 2 195. 96.595 2.0000 3.6706 15.000 I .8463 .0000 7.385 83.654 96.595 196. 96.538 2.0000 3.6661 10;.000 1.8463 .0000 7.385 83.436 96.538 197. 96.481 2.0000 3.6616 15.000 1.8463 .0000 7.385 83.2~5 96.481 t98. 96.423 2.0000 3.6570 15.000 1.8463 .0000 7.385 82.9 2 96.423 199. 96.)64 2.0000 3.6525 15.000 1.8463 .0000 7.385 82.766 96.364 ?OO. 96.305 ~.oooo 3.6479 15.000 1.8463 .0000 7.385 82.537 96.305 ?Ol. 96.;>46 .0000 3.643? 15.000 1.8463 
.goog 7.385 82.3~6 96.246 ?02. 96. 186 2.0000 3.6386 15.000 .0000 I. 46 7.385 82.g 3 96.186 ;>03. 96.125 2.0000 3.6339 15.000 1:9~g2 1.8463 7.385 81. 37 96.125 ;>0 4 • 96.064 2.0000 3.6292 15.000 1.8463 14.289 81.598 %.064 ?05. 96.g03 2.0000 3. 6245 15.000 I .7258 .0000 6.903 88.742 96.00r ?06. 95. 41 2.0000 .6198 15.000 1.725A .0000 6.903 88.498 95.94 ?07. 95.878 2.0000 3.6150 15.000 1.7258 .0000 6.903 AIl.252 95.878 ?08. 95.815 2.0000 3.610? 15.000 1 .7258 .0000 6.903 88'9 04 95.815 ?y9. 95.751 2.0000 3.6054 15.000 1.7258 .0000 6.903 87. 52 95.751 ? O. 95.687 2.0000 3.6006 15.0no 1.7258 .0000 6.903 87.499 95.687 ?I 1 • 95.623 2.0000 3.5957 15.000 1.7258 .0000 6.903 87.242 95.623 ?12. 95.558 2.0000 3.59g8 15.000 1.7258 .0000 6.903 86.984 95.558 ?13. 95.492 2.0000 3.58 9 15.000 1.7258 
'9 oo g 6.903 86.723 95.492 714. 95.426 2.0000 3.5809 15.000 .0000 1. 25 6.903 86.459 95.426 ;>15. 95.159 ?oonn ].57"0 15.noo .0000 1.725A 1\.903 AI\.191 95.359 
?i6; 95 . 292 2 : 0000 :i.5710 15 : 000 . 0000 i . 725A 6 : 903 85 . 924 95 ; 292 ? 17 . 95 . 225 2 . 0000 3 . 5660 15 . 000 . 0000 . 0000 . 000 92 . 556 95 . 225 ?18 . 95 01 56 ?OOOO 3.56 1g 15 . 000 . 0000 . 0000 . 000 92 . 283 95 . 156 ? 19 . 95 . 088 2 . 0000 3 . 5'55 15 . 000 . 0000 .o oog . 000 97 . 0~7 95 . 088 ?20 . 95 . 0 19 2 . 0000 3 . 5509 15 . 000 . 0000 . 000 . 000 91' 4 9 95 . 0 19 ? 2 1. 94 . 949 2 . 0000 3 . 545A 15 . 000 . 0000 . 0000 .000 9 1. 48 94 . 949 722 . 94 . 879 2 . 0000 3 . 5406 15 . 000 . 0000 . 0 000 . 000 91 .1 64 9 4. 8 79 ?23 . 94 . A09 2 . 0000 3 . 5355 15 . 000 . 0000 . 0000 . 000 90 . 879 94 . a-g9 ?24 . 94 . 738 2.0000 3.5303 15 . 000 
. 0009 .0 000 . 009 90 . 59 1 94 .7 8 ?2S . 94 . 666 2 . 0000 3 . 5252 15 . 000 1. 0 16 . 0000 4 .1 4 90 . 300 94 . 666 ??6 . 94 . 594 2 . 0000 3 . 5700 15 . 000 !. 0367 .0000 4 .1 47 90 . 007 94 . 594 
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. 000 8 . 8 14 93 . 536 741. 93 . 45 7 2 . 0000 3 . 4395 15 . 000 . 0000 . 0000 . 000 89 . 487 93 . 457 ?42 . 93 . 377 2 . 0000 3 . 434g 15 . 000 I: gggg . 00 00 .oog A9 .1 59 93 .377 ?43 . 93 . 297 2 . 0000 3 . 428 15 . 000 .00 00 4 . 2 1 88 . 829 93 . 297 7 44. 93 . 2 17 2 .0 000 3 . 4229 15 . 000 1. 0545 . 0000 4 . 2 18 88 . 496 93 . 2 17 ?45 . 93 .1 36 2 . 0000 3.4 173 15 . 000 1. 0545 . 00 00 4 . 2 18 88 .1 62 93 .1 36 746 . 93 . g54 ?OOOO 3 . 4 11 8 15 . 000 !. 0545 . 0000 4 . 2 18 8 7. 826 93 ' 854 ?47. 92 . 73 2 .00 00 3 . 4062 15 . 000 1. 0545 . 0000 4 . 2 18 87 . 488 92 . 73 ?48 . 92 . 890 2 . 0000 3 . 4005 15.000 1 . 0545 . 00 00 4 . 2 18 87 .1 48 92 . 890 24 9 . 9~ . 808 2 .0 000 3 . 3949 15 . 000 1. 0545 . 0000 4 . ~ 1 8 86 . 8 0 6 92 . 808 75 0 . 9 .7 24 2 .0 000 3 . 3892 15 . 000 1. 0545 . 00 00 4 . 18 86 . 462 92 .7 24 ? S l. 92 . 64 1 2.00 00 3 . 3836 15 . 000 1. 0545 . 0000 4 . 2 18 86 .1 17 92 . 64 1 ? 52 . 92 . 55 7 2. 0000 3 . 3 77 9 15 . 00 0 1. 0545 .o oog 4 . 2 18 85 . 770 92 . 557 753. 92 . 4 72 2.0 000 3 . 3 722 15 . 000 .0 000 1 .054 4 . 2 18 85 . 42 1 92 . 4 72 754. 92 . 38 7 2 . 000 0 3 ' 3 664 15 .00 0 . 0000 1. 0545 4 . 2 18 85 .070 92 .38 7 755 . 92 . 302 2 .0 000 3 . 607 15 . 000 .0 000 1. 0545 4 . 2 18 84 . 7 18 92 . 302 756 . 92 . ;/16 2 .0 000 3 .3550 15 . 000 . 0000 .0 000 . 000 88 . 582 92 . 2 16 757 . 92 .1 30 2 .0 000 3 . 349? 15 . 000 . 00 00 . 0000 . 000 88 . 226 92 .1 3g ;>58 . 9 2 '243 2 . 00 00 3 . 3434 15 . 000 . oogo . 0000 . 09 0 87 . 869 92 ' 8 4 759. 9 1. 56 2 . 0000 3 . 337~ 15 . 000 1. 04 5 . 0000 4 .1 4 87 . 5 11 91 . 56 
• • 
?60. 91.868 2.0000 3.331~ 15.000 1.0435 .0000 4; 174 87. 152 91.868 ?61. 91.780 2.0000 3.3260 15.000 1.0435 .0000 4.174 86.78 91.78~ ?62. 91.692 2.0000 3.3201 15.000 1.0435 .0000 4.174 86.426 91.69 ?63. 91.603 2.0000 3.314;> 15.000 1.0435 .0000 4.174 86.061 91.6p ?t· 91.514 2.0000 3.30B4 q~.OOO I • 043~ .0000 4.174 8~.695 91.5 4 ;> 5. 91 .424 2.0000 3.3025 I .000 1.043 .0000 4. 174 8 .328 91.424 ?66. 91 .334 2.0000 3.2966 15.000 1.0435 .0000 4.174 84.95'l 91. :P4 ;>F,7. 91.244 2.0000 3. 292 7 15.000 1.0435 .0000 4.174 84.589 91.244 ;>68. 91.153 2.0000 3.28 7 15.000 1.0435 
.ooog 4.174 84.218 91.153 26'l. 91.062 2.0000 3.2781l 15.000 .0000 1.043 4. I 74 B3.841'> 91.062 710. 90.97g 2.0000 3.2728 15.000 .0000 1.0435 4.174 83.472 90.97g ;>7i. 90.87 2.0000 3.2669 15.000 .0000 1.0435 4. 174 83.097 90.87 ;>72. 90.785 2.0000 3.2609 15.000 .0000 .0000 .000 86.895 90.785 ?73. 90.693 2.000g 3.2549 15.000 .ooog .0000 .oog 86.518 90.693 714. 90.59'l 2.0000 3.248'l I~.OOO 1.043 .0000 4.17 ~6.140 90.599 ?75. 90.506 2.0000 3.2429 I .000 1.0436 .0000 4.175 5.760 90.506 ?76. 90.412 2.0000 3.2368 15.000 1.0436 .0000 4.175 85.380 90.412 
':'77. 90.317 2.0000 3. 23 21\ 15.000 1.0436 .0000 4.175 84.999 90.317 ?78. 90.222 2.0000 3.22 7 15.000 1.0436 .0000 4.175 84.616 90.222 ?79. 90.127 2.0000 3.21R6 15.000 1.0436 .0000 4. 175 84.233 90.127 2BO. 90.031 2.0000 3.212/\ 15.000 1.0436 .0000 4.175 83.849 90.031 ?81. 89.935 2.0000 3.2065 15.000 1.0436 .0000 4.175 83.464 89.935 
'" ?82. B9.839 2.0000 3.2004 15.000 1.0436 .0000 4.175 83.078 89.839 w ;>83. 89.742 2.0000 3. 194] 15.000 1.0436 .0000 4.175 82.691 89.742 
. 
TIME OEINV TEIIliV OET INV TMINV CRSCH AOJTAV PERSCH TPERAV P~RREQ ?84. 89.645 2.0000 3.1881 15.000 .0000 1.0436 4.175 82.303 8 .645 
;>85. 89.547 2.0000 3.1820 15.000 .0000 1.0436 4.175 81.914 89.547 ;>86. 89.449 2.0000 3.1758 15.000 .0000 1.0436 4.175 81.525 89.449 ;>87. 89.351 2.0000 3.1697 15.000 
.0?02 .0000 .000 85.309 89.351 ?88. 89.?53 2.0000 3 .1635 15.000 1.0 0 .0000 4.042 84.919 89.753 ;>89. 89. 153 2.0000 3.1573 15.000 1.0104 .0000 4.042 84.527 89.153 ?90. 89.054 2.0000 3.1511 15.000 1.0104 .0000 4.042 84.135 89.054 ?91. 88.954 2.0000 3.144'l 15.000 1 .0 104 .0000 4.042 83.742 88.954 ?92. B8.854 2.0000 3.1387 15.000 1.0104 .0000 4.042 83.349 88.854 ;>93. 88.754 2.0000 3.1325 15.000 1.0104 .0000 4.042 82.955 88.754 ?94. 88.653 2.0000 3.1263 15.000 1.0104 .0000 4.042 82.560 88.653 295. 88.552 2.0000 3.1201 15.000 1.0104 .0000 4.042 82.165 88.552 ?96. 88.450 2.0000 3.1138 15.000 1.0104 .0000 4.042 81.769 88.450 ?97. 88.348 2.0000 3.1076 15.000 1.0104 .0000 4.042 81.373 88.348 ?'l8. 88.246 2.0000 3.1013 15.000 .0000 1.0104 4.042 80.976 88.246 ?99. 88.144 2.0000 3.0950 15.000 .0000 1.0104 4.042 80.578 88.144 300. 88.041 2.0000 3.0887 15.000 .0000 1.0104 4.042 80. 181 88.041 301. 87.938 2.0000 3.0825 15.000 .0000 .0000 .000 83.824 87.938 302. 87.834 2.0000 3.0762 15.000 1.0284 .0000 4.113 83.426 87.834 303. 1;11.730 ?OOOO 3.069'l 15.000 I.O?A4 .0000 4.113 83.0?7 87.730 
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TIME OElNV TElNV OE~lNV TMltliV CR<;CH AOJTAV PER<;CH TPERAV PERREQ 341. 83.556 2 . 0000 2. 260 15.000 .0000 1.0253 4.101 75.987 83.556 342. 83.440 2 .0 000 2 . 8 195 15.000 .0000 1.0253 4.10 1 75.586 83.440 343. 83.325 2 .00 00 2 . 8130 15.000 .ooog .00 00 .000 79.285 83 .3 25 344 . 83.209 2 .00 00 2.8065 15.000 1.009 .0000 4.039 78.884 83 . 209 345. 83.093 2.0000 2.8000 15.000 1.0098 . 0000 4.039 78.483 83 .093 ]46. 82.977 2.0000 2.7934 15.000 1.0098 .0 000 4 . 039 78.083 82 . 977 147. 82.861 C.OOOO 2.7869 15.000 1.0098 .0000 4 . 039 77.682 82.861 148. 82 .7 44 2 . 0000 2.7804 15.000 1.0098 .0000 4.039 77.282 82.744 349 . 82 . 627 2.0000 2.7739 15.000 1.0098 .0000 4.039 76.882 82 . 627 350. 82 . 510 2 . 0000 2 .7674 15.000 1.0098 . 0000 4.039 76.482 82 . 510 151. 82.393 2 . 0000 2.7609 15.000 1.0098 .00 00 4 . 039 76.g83 82 .393 352 . 82 . ;175 2.0000 2 . 7544 15.000 1. 0098 .00 00 4.039 75. 83 82 . 275 353. 820157 2.0000 2.7479 15.000 1. 0098 .000 0 4 . 039 75.284 82 .157 ~S4. 82.039 2 . 0000 2.7414 15.000 .0000 1.0098 4 . 039 74.886 82 .0 39 355. 8 1. 921 2.0000 2.7349 15.000 .00 00 1.0098 4.039 74 . 487 81 . 92 1 356. 81 . 803 2.0000 2.7283 15.000 .0000 1.0098 4 . 039 74.089 8 I. 803 ]57. 81.684 2.0000 2.7218 15.000 .00 00 .0000 .000 77.731 81 . 684 358. 8 1.565 2 . 0000 2.7 153 15.000 .0000 .0000 .000 77.333 81 .565 359. 8 I .4 46 2.0000 2.7088 15.000 1.0580 .0000 4.212 16.936 81.446 360. 81 . ) 27 ?OOOO ~:lg~~ 15 . 000 1. 0580 .00 00 4.~3~ 76.539 8 1.327 361. 81.207 2.0000 15.000 1.0580 .000 0 4. 3 76.143 8 1. 207 362. 8 1.088 2 .00 00 2 . 6892 15.000 1.0580 .000 0 4.232 75.747 81.088 
'" 363 . 80.968 2 .0 000 2 . 6827 15.000 1.0580 .000 0 4.232 75.351 80.968 
'" 364 . 80 . 848 2 .0 000 2.6762 15.000 1. 0580 .000 0 4.232 74.955 80 . 848 365. 8 0.727 2 .00 00 2 . 6697 15.000 1.0580 .0000 4 . 232 74.560 80 .727 366. 80 . 607 2.0000 2.6632 15.000 1. 0580 .00 00 4.232 74.165 80 .607 367. 80.486 2.0000 2.6567 15.000 1. 0580 .0000 4 . 23 2 73. 771 80 .486 368. 80.365 2 .00 00 2 . 6502 15.000 l. 0580 .oggo 4.2 2 7 .377 80 .365 369. 80 . 244 2.0000 2.6437 15.000 . 0000 1.0 0 4.232 72.983 80.244 
:170 . 80.123 2.0000 2.637 1 15.000 .0000 1.0580 4.232 72.590 80 .1 23 371. 80.002 2.0000 2.6306 15.000 . 0000 1.0580 4.232 72. 197 8g .00 2 172. 79.88g 2.0000 2.624 1 15.000 .0000 .0000 .000 76.037 7 . 8Sg 373. 79.75 2.0000 2.6176 15.000 .oogo .00 00 . 000 75.645 79.75 374. 79.636 2.0000 2.61 11 15.000 1. 02 4 .000 0 4 .11 4 75.253 79.636 375. 79.514 ?OOOO 2.6046 15.000 1.0284 .0000 4.114 74.862 79.514 376. 79.)92 2.0000 2 . 598 1 15.000 1.0284 . 0000 4.114 74 . 471 79.392 171. 79 . 269 2.0000 2.59 16 15.000 1. 0284 .0 000 4.114 74.0S1 79.269 378. 79.147 2 . 0000 2.585 1 15.000 1.0284 .00 00 401 14 71.691 79.147 379. 79. a24 2.0000 2 . 5786 15.000 1.0284 .000 0 4 .11 4 73 . 301 79 . g24 380. 78. 01 2 .000 0 2 . 57?1 15.000 1. 0284 .0000 4 .1 14 72.912 78. 01 38 1. 78.778 2 .0000 2.5656 15.000 1.0284 .00 00 4.114 72.523 78.718 382. 78.c55 2.0000 2 . 5592 15.000 1. 0284 .0 000 4 . I 14 72.135 78.655 383. 78.531 2 .000 0 2.5527 15.000 1.0284 .oogo 401 1 4 71.747 78.531 384. 78 . 407 2.0000 2 . 5462 15.000 . 0000 1.02 4 4 .11 4 71.360 78.407 385. 78.284 2 .0000 2.5397 15.000 .0000 1.0284 401 14 70.973 78.284 186. 78.160 ?ooon ?.531" 15. non .nono 1.0284 4.114 70.587 78.160 
)A7 . 78:8 36 2:6666 2:5261\ 15:006 . 0000 .0000 ;000 74.314 78.036 388. 77. 12 2.0000 2 . 5203 15.000 .0000 .000 0 . 000 71 . 929 77.912 
189. 77.787 2 .0 000 2 . 513~ 15 . 000 .0000 .00 00 . 000 73.544 77.787 390 . 77.663 2 .00 00 2 . 5074 15.000 1. 0542 .000 0 4 . 2 17 7] .1 59 77 .663 
191. 77 .538 2 .0 000 2.5eO Q 15.000 1.0542 .0 000 4 . 217 72.775 77.538 192. 77.413 2 .0 000 2.4 44 15.000 1.0542 . 0000 4.217 72 .392 77 .413' 393. 77.<88 2 . 0000 2.4880 15.000 I. 0542 .000 0 4 . 217 72 . 009 77. 288 394. 77 .1 63 2.0000 2 . 48 15 15.000 1.0542 . 0000 4.217 71.626 77.1"63 
395. 77 . 038 2.0000 2 .4751 15.000 1. 0542 .0000 4.217 71. 244 77.038 
196. 76.913 7.0000 2.4686 15.000 1. 0542 .0 000 4 . 2 17 70.86Z 76.913 397. 76.787 2 . 0000 2.4622 15.000 1. 0542 .00 00 4.2 17 70 . 481 76.787 
TIME OEINV Te:! NV OET I NV TMINV CRSCH AOJTAV PERSCH TPERAV PERREQ 198. 76.662 2 .000 0 2 . 455A 15.000 1.0542 . 0000 4 . 217 70.100 76.662 399 . 76.536 2 .00 00 2.4493 15.000 1.0542 .OOO~ 4 . 217 69 .7 70 76.536 
" 00. 76.410 2 .00 00 2 . 4429 15.000 . 0000 1.054 4 . 217 69.340 76.410 
"0 1. 76.,84 2 . 0000 2 . 4365 15.og0 . 0000 1.0542 4.217 68 . 96 1 76.284 
"02. 76.158 2.0000 2 . 430 1 15.000 . 0000 1.0 542 4.217 68 . 58? 76.158 403 . 76.032 2 .0 000 2.4?36 15.000 . 0000 .000 0 .0 00 72 . 42 1 76.032 
404. 75.906 2 . 0000 2 . 4 172 15.000 . 0000 . 0000 . 000 72 .0 43 7 5 . 9~6 
"05. 75.779 2 . 0000 2.4 10A 15.000 .oo og . 0000 . oyo 71.666 75.7 9 406. 75.653 2 . 0000 2.4044 15 . 000 1.0 28 . 0000 4 . 1 3 71. 290 75.653 '" 407. 75.526 2 . 0000 2 . 3980 15.000 1. 0283 . 0000 4 .11 3 70.913 75.526 '" 408. 75 . 399 2.0000 2 .3 9 16 15.000 1. 0283 .000 0 4 .11 3 70.538 75.399 
409. 75.<72 2.0000 2 . 3853 15.000 1. 0283 .0 000 4 .11 3 70 .1 63 75.272 
"10. 75 .146 7 .00 00 2 . 3789 15 . 000 1.0283 . 0000 4.113 69.788 75.146 
411. 75.018 2 .0 000 2 . 3725 15.000 1. 0283 .0000 4 . 113 69.4 14 75.018 
412 . 74 . 89 1 2 . 0000 2 . 366 1 \5.000 1. 0283 .0000 4.113 69 . 041 74.891 413. 74.764 2.0000 2 .359B 15 . 000 1. 0283 . 0000 4 .1 13 68 . 668 74.764 414. 74 . 637 2 .0 000 2 . 3534 15.000 1. 0283 . 0000 4 . I 13 68 . 295 74.637 415. 74.509 2 .00 00 2 . 34 70 15 . 000 1. 0283 . 0000 4 . I 13 67.923 74 . 509 41 6. 74.382 2.0000 2 . 3407 15.000 . 0000 1. 02A3 4.] 13 67 . 552 74 . 382 
4 17. 74.;'>54 2 . 0000 2.3343 15.000 . 0000 1.0283 4.113 67 .1 81 74 . 254 
"18. 74.126 2.0000 2 . 3280 15.000 .0 000 1.0283 4 .1 13 66 . 8 11 74.126 419. 73.999 2 . 0000 2 . 32 17 15.000 . 0000 .0000 .000 70.554 73.999 
"20. 73 . 871 2 .0 000 2.3 153 15.000 . 0000 .0000 . 000 7e.185 73 . 87 1 42 1. 73 .7 43 2.0000 2 . 33 99 15 . 000 . 0000 .o oog .000 6 . 8 16 73.743 
"22. 73.615 2 . 0000 2 . 3 2 15 . 000 . 0000 . 000 .0 00 69.448 73 . 6 15 423 . 73.486 ?OOOO 2 . 2964 15.000 1. 0417 .0000 4 .1 67 69 .080 73.486 
424. 73.358 2 . 0000 2 . 290 1 15 . 000 I. U4!7 .00 00 4.167 6B .713 73.358 
"25 . 73.<30 2 .0 000 2 . 2838 15.000 1.0417 .000 0 4 .1 67 68 . 346 73.23~ 
"26 . 73 .1 02 2 . 0000 2 . 2775 15.000 1. 0417 .0 000 4 .1 67 67 . 980 73.10 427. 72.973 2 . 0000 2.2712 15.000 I .0417 .0 000 4.167 6 7. 615 72.973 
428. 72.845 2 . 0000 2.2649 15.000 1. 04 !7 .000 0 4 .1 67 67 . 250 72. 845 429. 72.716 2 .000 0 2 . 2587 15.000 1.0417 .000 0 4 ,] 67 66 . 886 72.716 430 . 72.587 2 . 0000 2.2574 15.000 1.0417 .0000 4. 167 /\n . 5?7 72.587 
43 1. 72 . 459 2 . 0000 2.2461 15 . 000 1. 0417 .0060 4; i 67 6(,;15<i 72;459 437.. 72 . 330 2.0000 2 . 2399 15 . 000 1. 04 17 . OOO~ 4 .1 67 6~ . 796 72 . 330 433 . 72 . 29 1 2 . 0000 2.2336 15 . 000 . 0000 1 . 04 1 4. 167 65 . 434 72 . 2~ 1 434 . 72.0 2 2 . 0000 2 . 2::>74 15 . 000 . 0000 1. 04 17 4.167 65 . 072 72 . 0 2 435 . 71. 943 2 . 0000 2 . 2212 15 . 000 . 0000 1. 04 17 4 . 167 64 . 7 1 I 71 . 943 436 . 71. 8 14 2 . 0000 2 . 2 150 IS . OoO . 0000 . 0000 .000 6~ . 5 1 7 7 1. 8 14 43 7. 7J . 685 2 . 0000 2 . 2087 15 . 000 . 0000 .0000 . 000 68 . 157 71 . 685 43~ . 7 I • ~56 2 . 0000 2 . 2025 15 . 000 . 0000 . 0000 .000 6 7. 798 71 . 556 439 . 7 1. 427 2 . 0000 2 . 1963 15 . 000 . 0000 . 0000 .000 67 . 439 71 . 427 440 . 71 . 798 2 . 0000 2 .1 9g 1 15.000 . OOO~ . 0000 dY9 67' 9 81 71. 298 44 1. 7 I .1 68 2 . 0000 2 .1 8 9 15.ono 1. 054 . 0000 66 . 23 71 .1 68 442 . 7 1. 039 2 . 0000 2 .17 7~ 15.000 1. 0542 .0000 4 . 2 17 66 . 366 71.0 39 
443 . 70 . 9 10 2.0noo 2 .171 6 15.000 1. 0542 . 0000 4 . 217 66 . 0 09 70 . 9 1 0 444 . 7 0 .7 80 2 . 0000 2 .1 654 15 . 000 1. 0542 . 0000 4 . 217 6~ . 653 70 .780 
445 . 70 . 65 1 2 . 0000 2 .1 591 15 . 000 1. 0542 . 0000 4 . 2 17 65 . 298 70 . 65 1 446 . 70 . 522 2 . 0000 2 .1 53 1 15 . 000 1. 0542 . 0000 4 . 2 17 64 . 943 7 0 . 522 
447 . 70 . 392 2 . 0000 2 . 147 2 15 . 000 1. 0542 . 0000 4 . 7. 17 64.589 7 0 . 392 448 . 70 . 762 2 . 0000 2 .1 40 15 . 000 I . 0542 . 0000 4 . 217 64 . 235 70 . 262 
449 . 70 .1 33 2 .0 000 2 . 1347 15 . 000 1. 0542 . 00 00 4 . 2 17 63 . 882 70 .1 33 4 50 . 70 . 003 2 . 0000 2 .1 286 15 . 000 1. 0542 . 0000 4 . 217 63 . 529 70 . 09 3 4 5 1. 69 . 874 2 . 0000 2 .1 225 15 . 000 .0000 1. 0542 4 . 2 17 63. 177 69 . 8 4 452 . 69 .7 44 2 . 0000 2 .11 64 15 . 000 . 0000 1. 0542 4 . 217 62 . 825 69 . 744 453 . 69 . 6 14 2 . 0000 2 .11 03 15 . 000 . 0000 1. 0542 4 . 2 17 62 . 474 69 . 6 14 
454. 69 . 484 2 . 0000 2 .1 047 15 . 000 . 0000 . 0000 .000 66 . 34 1 69 . 484 '" 
" 
T~ME OF.! NV TE lI\IV OET~NV TMI NV CRSCH AOJ TAV PERSCH TPER AV PERREQ 4 5 . 69 . ~S5 2 . 0000 2 . 0 81 15 . 000 . • 0000 . 0000 . 000 65 . 99 1 69 . 355 456 . 69 . 225 2 . 0000 2 . 0920 15 . 000 . 0000 . 0000 .000 65 . 642 69 . 225 457 . 69 . ~q5 2 . 0000 2 . 0862 15 . 000 . 0000 . 0000 . 000 65 . 29] 69 . ~95 458 . 68 . 65 2 . 0000 2 . 079 15 . 000 . 0000 . 0000 . 000 64 . 945 68 . 65 459 . 68 . 836 2 . 0000 2 . 0739 15 . 000 1. 005 1 .0 000 4 . 020 64 . 598 68 . 836 460 . 68 .7 06 2 .0 000 2 . 06711 15 . 000 I. 00~ 1 . 0000 4 . 020 64 . 25 1 68 . 7 0 6 46 1. 68 . 576 2 . 0000 2 . 06 11\ 15 . 000 1 . 005 1 . 0000 4 . 020 63 . 904 68 .-576 462 . 68 . 446 2 . 0000 2 . 0558 15 . 000 1. 005 1 . 0000 4 . 020 63 . 558 68 .446 4 63 . 68 . 3 16 2 . 0000 2 . 0497 15 . 000 1. 00~1 . 0000 4 . 020 63 . 2 13 68 . 3 16 464. 68 . 186 2 . 0000 2 . 0437 15 . 000 1. 00S I . 0000 4 . 020 6?869 68 .1 86 4 65 . 68 . g56 ?OOOO 2 . 037 7 15 . 000 1. 00SI . 0000 4 . 020 62 . 524 68 . ~56 466. 67 . 26 2 . 0000 2 . 03 18 15.0QO I . OO~ I . 0000 4 . 020 62 . 161 67 . 26 
4f17. 6 7.7 96 7. . 0000 2 . 0?51\ 15 . 000 1. 005 1 . 0000 4 . 020 6 1. 838 67.796 468 . 67 . 666 2 . 0000 2 . 0198 IS . OoO 1. 00<;1 . 000n 4 . 020 6 1. 496 67 . 666 41>9 . 67 . 536 2 . 0000 2 . 0138 15 . 000 . 0000 1. 0051 4 . 020 6 1.1 54 67 . 536 4 7 0 . 67.40 7 2 . 0000 2 . 00 79 IS . 000 .0000 1.005 1 4 . 020 60 . A 13 6 7. 407 471. 6 7. 277 2 . 0000 2 . 007.0 15.000 . 0000 1. 005 1 4 . 020 60 . 472 6 7. 277 
47 2 . 6 7.1 47 2 . 0000 1. 9960 15 . 000 .0000 .0000 . 000 64 .1 5? 6 7.1 47 473 . 67' a J7 2 . 0000 1. 990 1 15 . 000 . 0000 . 0000 .000 63.813 6 7. g 17 474 . 66 . 1\7 ? .. nonn 1 • 91\47 15.noo . nnnn .. nnnn . 000 6~ . 474 66. 87 
475. 66.757 ?;OOOO 1.9783 15;000 .6600 .0000 ;000 6).135 66.757 476. 66.627 2.0000 1.97?4 15.000 .0000 .0000 .noo 62.798 66.627 477. 66.497 2.0000 1.9665 15.000 .0000 .0000 .000 62.46J 66.497 478. 66.367 2.0000 1.960f> 15.000 1.0091 .0000 4.037 62.124 66.367 479. 66.?37 2.0000 1.9547 15.000 1.0091 .0000 4.037 61.788 66.237 480. 66.108 2.0000 1.9489 15.000 1.0091 .0000 4.037 6J.453 66.108 481. 65.978 2.0000 1.943~ 15.0QO 1.0091 .0000 4.037 61.118 65.978 482. 65.848 2.0000 1.937 _ 15.000 1.0091 .0000 4.037 60.783 65.848 48). 65.718 2.0000 1.9313 15.000 1.0091 .0000 4.037 60.450 65.1.l8 484. 65.588 2.0000 1 .9255 J5.000 1.0091 .0000 4.037 63. 117 65.588 485. 65.459 2.0000 1.9197 15.000 1.0091 .0000 4.037 5 .784 65.459 486. 65.329 2.0000 1.9139 15.000 1.0091 .0000 4.037 59.452 65.329 487. 65.199 2.0000 1.9081 15.000 1.0091 .0000 4.037 59.121 65.199 488. 65.069 2.0000 1.902) 15.000 .0000 1.0091 4.037 58.790 65.069 489. 64.9 4 0 2.0000 1.8966 15.000 .0000 1.0091 4.037 58.459 64.940 490. 64.8JO 2.0000 J .8908 15.000 .0000 1.0091 4.037 58.130 64.810 491. 64.680 2.0000 1.8El50 15.000 .0000 .0000 .000 61.B37 64.680 492. 64.551 ?.OOOO 1.8793 15.000 .0000 .0000 .000 61.509 64.551 493. 64.421 2.0000 1.873') 15.000 .0000 .0000 .000 61.181 64.421 494. 64.292 2.0000 1.8678 15.000 .0000 .0000 .000 60.853 64.292 495. 64. 162 2.0000 I .8621 15.000 .0000 .0000 .000 60.527 64.162 496. 64.033 2.0000 1.8564 15.000 .0000 .0000 .000 60.200 64.033 497. 63.903 2.0000 1.8507 15.noo .0000 .0000 .000 59.875 63.903 
'" 498. 63.774 ?OOOO I • 845~ 15.000 .0000 .0000 .000 59.550 63.774 00 499. 63.645 2.0000 J .839 15.000 .0000 .0000 .000 59.225 63.645 500. 63.516 2.0000 1.8337 15.000 .0000 .0000 .000 58.902 63.516 
'iOI. 63.)86 2.0000 1.8280 15.000 .0000 .0000 .000 58.578 63.3!J6 S02. 63.?57 2.0000 1 • 8?24 15.000 .0000 .0000 .000 58.256 63.257 <;03. 6).128 2.0000 1.8167 15.000 .0000 .0000 .000 57.93) 63.128 504. 62.999 2.0000 1.8111 15.000 .0000 .0000 .000 57.612 62.999 
'505. 62.870 2.0000 1.8~')'i 15.000 .0000 .0000 .000 57.291 62.870 <;06. 62.741 2.0000 1.7 99 15.000 .0000 .0000 .000 56.970 62.741 
'i07. 62.612 2.0000 1.7943 15.000 .0000 .0000 .000 56.651 62.612 S08. 62.483 2.0000 I .7887 15.000 .0000 .0000 .000 56.331 62.483 <;09. 62.354 2.0000 J.7831 15.000 .0000 .0000 .000 56.013 62.354 
"10. 62.225 ?OgOO 1 • 7776 15.0g0 .0000 .0000 .000 55.695 62.225 511. 62.096 2.0000 1.7720 15.noo .nooo .0000 .000 55.377 62.096 TIME OEINV TEINV OETINV TMINV CRSCH AOJTAV PER'3CH TPERAV PERREQ 512. 61.968 2.0000 1.7665 15.000 .0000 .0000 .000 55.060 61.968 513. 61.839 2.0000 1.7610 15.000 .0000 .0000 .000 54.744 61.839 514. 61.710 2.0000 1.7554 15.000 .0000 .0000 .000 54.4"8 61.71~ SIS. 61.582 2.0000 1.7499 15.000 .0000 .0000 .000 54. 113 61.56 516. 61.453 2.0000 1.7444 15.000 .0000 .0000 .000 53.799 61.453 0;;17. 6J .J25 2.0000 1.7389 15.000 .0000 .0000 .000 53.485 61.325 518. 61.197 2.0000 1.7335 15.000 .0000 .0000 .000 53.172 61.197 
'019. 61.068 2.0000 1.7280 15.000 .0000 .0000 .000 52.859 61.068 
<;20. 60.940 2.onoo 1.7225 l5.000 .0000 .0000 .000 52.547 60.940 
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T1~E TEbC$ OEAC$ ACPER$ TASOC$ E. 0 E·03 E·03 E+03 [+03 
_ .0 . • 00 - - .00 .0 0 .0 0 
10 . 200.00 800 .00 . 00 . 00 
20. 200 .0 0 800 .00 .00 . 00 
30. 200 . 00 800 .0 0 . 00 . 00 
40. 200 . 00 800 . 00 .00 .00 50. 202 . 80 804 .00 10.40 5 . 20 
60 . 202 . 80 804 . 00 10.40 5 . 20 
7 0 . 205 . 60 808 . 00 20 . 79 10 . 39 
80 . 208 .39 811 . 99 31 .1 6 15.58 
_90. 211 .1 8 815 . 97 4 1.51 20 .76 
lOO. 213 . 95 819 . 93 5 1.83 25 . 91 
1I O. 216 .72 823 . 88 62 .1 0 31 . 05 • l20. 216 .7 2 823 . 88 62 . 10 31 . 05 
lJO. 219 . 47 827 . 81 72.31 36 .1 5 
140. 222 . 20 831 .71 82 . 45 41.22 
l-50. 224 . 90 835 . 58 92 . 50 46.25 
l60. 227 . 59 839 . 41 102.46 51.23 
170. 230 .24 843 . 20 112.31 56 . 16 
1 RO. 230 . 24 843 . 20 1 12 . 31 56 .1 6 
190. 232.86 846 . 94 122 . 04 61 . 02 
?OO. 235 . 44 850 . 63 131.64 65 . 82 
?10 . 237 . 86 854 .08 140.62 70.31 
?20. ~37 . 86 854 ·Y 8 14g. 62 70.]1 230 . 39 . 3 1 856 . 6 4 . 01 73 . 00 
?40 . 239 .31 856 .1 6 146.01 73.00 
250 . 240 .79 858 . 27 151.49 75.75 
;>60 . 242 . 25 800 . 35 156.92 78.46 
? 70. 242 .25 800.35 156 . 92 78.46 
?80 . 243 .7 1 862 .44 162.34 8 1.17 
290 . 245 . 12 864 . 46 167.60 83 . 80 
100. 245 .1 2 864 .46 167.60 83 . '10 
310 . 246 . 56 866 . 52 172 . 95 86 . 47 
320 . 248 . 01 868 . 58 178.31 89.16 
330 . 248 . 01 868 . 58 17 8 . 31 89 . 16 
340 . 249 . 44 870 . 63 183.65 91 . 82 
350 . 250 . 86 872 . 65 188.90 94.45 
360 . 252 . 34 874 .77 194.40 97 . 20 
370 . 252 . 34 874 .77 194 . 40 97 . 20 
380 . 253 .78 876 . 83 199.75 99 . 87 
390 . 253 .78 876 . 83 199.75 99 . 81 
400 . 255.25 878 . 93 205 . 23 102 . 61 
410 . 256 . 69 880 . 99 210 . 5A 105.29 
420 . 256 . 69 880 . 99 210 . 59 105.29 
430 . 258 .1 5 883 . 0 7 2 15.99 108.00 
440. 258.15 81\3 . 07 215 . 99 108.00 
450. 259 . 63 885018 221 . 47 110.74 
460 . 261 . 03 887 .1 9 ?Z6 .7 0 113.35 
4 7 0 . 26 1. 03 887 . 19 226 .7 0 113.35 
480 . 262 .45 889 .21 23 1. 95 115.97 
490. 262.45 889 . 21 23 1. 95 115.97 
SOO. 262.45 889.21 23 I. 95 I 15.97 
SIO. 262 . 45 889 . 21 231.9'; 115.97 
520 . 262 . 45 889 . 2 1 23 1. 95 115.97 
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PERREQ=).TPER~V=2 
• 0 50 • 100. 150 . 
.01 
- - - -
- - - - - ' - - - -I • • • I • • • 2 1 • • 2 I • • 2 I • • 2 I • • 
• 2 I • • 
• 2 • I • 
• 2 • 1 • 100.-
- - -
2 - - - - - 1 - - - - -
• 2 • I • 
• 2 - . 1 • 
• 2 . I • 
• .2 1 • 
• • 2 I • 
• • 2 I • • 
• • 2 1. • 
• • 2 I • • 
• • 2 I • • <'00.- - - - - - - - - -2- -1- - - - - - -
• • 2 I • • 
• • 21 • • 
• • 21 • • 
• • 21 • • 
• • 2 1 • • 
• • 2 1 • • 
• • ? I • • 
• • 2 I • • 
• • 2 I • • 100.- - - - - - - - - - - - <' I - - - - -
• • 2 I • • 
• • <' 1 • • 
• • 21 • • 
• • ? 1 • • 
• • 
2 _1 
• • 
• • 21 • • 
• • 2 1 • • 
• • 2 I • • 
• • 21 • • 400.- -
- - - - - - - - 2-1- - - - - - -
• • <' 1 • • 
• • 2 1 • • 
• • 2 1 • • 
• • 21 • • 
• • 2 I • • 
• • 2 1 I • • 
• • 2 • • 
• • 2 1 • • 
• • 2 I • • <;00.- -
-
-
- - - - -
21 -
- - - - - - - - - -
• • 2 1 • • 
• . 2 I • • 
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TASOCS=l, TEAC$=2 , OEAC$=3 , ACPER$=4 
- 0 . 300.T 600 .T 900 . T 
. 01 -
, 
- -
- - -
- - - -
1 2 • • 3 • 1 2 • • 3 • 1 2 • • 3 • I 2 • • 3 • 14 2 • • 3 • 14 2 • • 3 • 
• 1 2 • • 3 • 
• 14 2 • • 3 • 
. 14 2 • • 3 • 100 .- 1- 4 - - 2 - - - - - - - - - - - - 3 -
• 14 2 • • 3 • 
• 14 2 • • 3 • 
• 1 4 2 • • 3 • 
• 1 4 2 • • 3 • 
• 1 4 2 • • 3 • 
• 1 4 2 • • 3 • 
• I 4 2 • • 3 • 
• 1 4 2 • • 3 • 
• 1 4 2 • • 3 • 200 .- - 1- - 4 - 2 - - - - - - - - - - - - - 3 - -
• 1 4 2 • • 3 • 
• I 4 ·2 • • 3 • 
• 1 4 2 • • 3 • 
• 1 4 2 • • 3 • 
• 1 4 2 • • 3 • 
• 1 4 2 • • 3 • 
• 1 4 2 • • 3 • 
• I 4 2 • • 3 • 
• 1 4 2 • • 3 • 300 .- I 4 
-
2 - - - - - - - - - - - - - 3- -
• I 4 2 • • 3 • 
• 1 4 2 • • 3 • 
• 1 - 4 2 • • 3 • 
• 1 4 2 • • 3 . 
• 1 4 2 • • 3 . 
• 1 4 2 • • 3 . 
• 1 4 2 • • 3. 
• I 4 2 • • 3. 
• 1 4 2 • • 3 . 400 .- - 1- - 4 - 2 - - - - - - - - - - - - - - 3 -
• 1 4 2 • • 3 . 
• 1 4 2 • • 3. 
• 1 4 2 • • 3 . 
• I 4 2 • • 3 . 
• 1 4 2 • • 3 . 
• 1 4 2 • • 3 . 
• 1 4 2 • • 3 . 
• 1 42 • • 3 . 
• I 42 • • 3 . 500 .- I 42- - - - - - - - - - - - - - 3 - , 
• I 42 • • 3 . 
• I 42 • • 3 . 
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